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ABSTRACT 



Context. The LMC and SMC are rich in binary star clusters, and some mergers are expected. It is important to 

characterize single clusters, binary clusters and candidates to mergers. 

Aims. We selected a sample of star clusters in each Cloud with this aim. Surface photometry of 25 SMC and 22 LMC 

star clusters was carried with the ESO Danish 1.54 m telescope. 23 clusters were observed for the first time for these 

purposes. 

Methods. We fitted Elson, Fall and Freeman (1987, EFF) profiles to the data, deriving structural parameters, luminosities 

and masses. We also use isophotal maps to constrain candidates to cluster interactions. 

Results. The structural parameters, luminosities and masses presented good agreement with those in the literature. 

Three binary clusters in the sample have a double profile. Four clusters (NGC376, K50, K54 and NGC 1810) do not 

have companions and present as well important deviations from EFF profiles. 

Conclusions. The present sample contains blue and red Magellanic clusters. Extended EFF profiles were detected in 

some blue clusters. We find evidence that important deviations from the body of EFF profiles might be used as a tool 

to detect cluster mergers. 

Key words. (Galaxies:) Magellanic Clouds; Galaxies: star clusters 



1. Introduction 

Surface-brightness and number-density profiles can be used 
to investigate properties of star clusters in different tidal en- 
vironments. The standard description of Globular Clusters 
(GCs) assumes an isothermal central region and a tidall y 
truncated outer region (e.g. iBinnev fc Merrifieldl I1998D . 
However, both structures evolve with time. Evolved GCs, 
, in particular, can be virtually considered as d ynamically 
relaxed systems (e.g. lNoyola fc Gebhardtj|2006t ). Since for- 
mation, star clusters are subject to internal and exter- 
nal processes that affect the spatial distribution of stars 
and introduce asymmetries in the luminosity distribution, 
which in principle, can be detected by surface-brightness 
profiles (SBPs). Among the former are mass loss associ- 
ated with stellar evolution, large-scale mass segregation and 
low-mass star evaporati on. The latter are t i dal stress and 
dynamical friction (e.g. iKhalisi et al.l 120071 : iLamers et al.l 
l2005HGnedin fc OtrikeiJll997D . These processes tend to de- 
crease cluster mass, which may accelerat e the core co l- 
lapse phase in some cases (e.g. iDjorgovski fc Mevlanlll994l) . 
With time, what results is a spatial distribution of light (or 
mass) that reflects the combined effect of these processes 
associated with physica l conditions at the early collapse 
(jBonatto fc Bicall2007bl and references therein). 



In this context, the present-day internal structure of in- 
dividual star clusters, as well as the collective large-scale 
galactocentric distribution can be used to probe condi- 
tions related to galaxy forr nation, and to investigate cluster 
dynamical evolu tion (e.g. iMackev fc van den Berghl 120051 
iBica et al.|[2006[ ). 

SBPs of star clusters, GCs in particular, have been 
shown to follow analytical profiles. The most commonly 
used are th e single-mass, modified isothermal sphere of 
iKingj (|l966t ) that is the basis of the Galactic GC pa- 
rameters given by iTrager et al.l ([llH) and Harris (1996, 
and the 2003 updatq3) , the modified isothermal sphere of 
IWilsonI (|1975[ ) that assumes a pre-defined stellar distribu- 
tio n func t ion w hich results in more extended envelopes than 
in King ('1966'), and the power-law with a core of EFF 
(Elson, Fall & Freeman 1987) that has been fit to mas- 
sive young clusters especia lly in the Magellanic Clouds (e.g. 
iMackev fc Gilmorgl2003al lbl) . Each function is characterised 
by different parameters that are somehow related to the 
cluster structure. 

Perhaps as interesting as the fact that SBPs c an be de- 
scribed by analytical profiles such as iKind (|1966D or EFF, 
from which structural parameters can be derived, is the 
fact that significant deviations have been detected. They 
are (i) post-core-collapse (PCC) excesses to power laws 
in surface density vs. log radius for Galactic GCs (e.g. 
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Trager et alj 19951) and (ii) in Galacti c open clusters (e.g. Table 1. Cluster sample and observational details. 



Bonatto fc Bicair2005l : iBica et al.ll2006l ). and (iii) extensions 



beyond the tidal radius in young populous LMC clusters 
Ce.g. lElson. F all fc Frccmanl ll987[ ) or R136 in 30 Dor (e.g. 
iMackev fc Gilmorg ,2003all . which appear to be related to 
formation conditions. 

Not many SMC clu sters have published SBPs. 
IMackev fc Gilmord (|2003bf ) studied 10 populous SMC clus- 
ters. Using HST, 53 clusters i n the LMC were stud- 
ied by Mackev fc Gilmorg (|2003a[ ) . Number-density studies 
([Chrvsovergis et 311119891 . and references therein) included 
SMC and LMC clusters, but inner profiles were limited by 
the low stellar resolution in photographic material. 

Evidence of cluster binarity and mergers has been re- 
ported for both Clouds, which appear to be suitable en- 
vironments for that. Indeed, the S MC and LMC are very 
rich in cluster pairs and multiplets (jBica fc SchmittI [19951 
iBica et al.l[l999l : iDieball et al.ll2002f ). Studies of radial vari- 
ations of parameters related to isophotes and comparisons 
with N -b ody simulations wer e carried by de Oliveira et all 
(HoOOi); Ide O liveira. Bica fc Dottoril (|2000bf ). where sev- 
eral possible mergers were discussed. The blue LMC clus- 
ter NGC 2214 has been reported as merger, where the sec- 
ondary component appears to be still conspicuous in images 
(jBhatia fc MacGillivravl ll988'). 

In the present study we explore a sample of 47 SMC 
and LMC clusters of different ages, part of them studied in 
terms of SBP fo r the first time . The sample selection was 
mostly based on Ivan den Berghl ([l981), in view of spanning 
a wide age range. We argue that distortions found in the 
SBP of some clusters may arise from the spatial evolution 
of mergers, and that the star clusters NGC 376, K 50, K 54, 
and NGC 1810 have evidence for mergers. 

This work is structured as follows. In Sect. Hj we present 
the observations. In Sect. ID we fit profiles to the data and 
derive structural parameters and masses. The structures on 
the profiles are discussed in Sect.JH and finally, concluding 
remarks are given in Sect.jS) 



2. Observations and analysis 

The data were obtained in two observing runs, the first 
between 1990 november 16 and 20, and the second between 
1991 October 25 and november 9 using the ESO Danish 
1.54m telescope, in La Silla, Chile. The detectors were RCA 
CCDs (SID 501 in the first run and 503 in the second run). 
They have 320x512 and 1024x640pixels, with the spatial 
scales 0.475"/pixel and 0.237'7pixel (Table[T]), respectively. 
V and B Bessel filters were used. CCD gains were 12.3 
and 5.9electrons/ADU, and readout noises were 31.6 and 
15 electrons. The mean seeing for the frames was 1.5". In 
Table |l] we summarize the observational data including the 
exposure time and seeing for each image together with the 
most common identifiers (jBica fc Schmittj|l995l : iBica et all 
I1999D for the star clusters of this sample. 

For all objects the V band observations were used, ex- 
cept NGC 2159, for which the B image had a significantly 
higher signal-noise ratio. 

Figure [T] shows examples of clusters of the present sam- 
ple. The first three (NGC 241-1-242, IC 1612, NGC 2011) are 
double clusters (Sect.[T]). The next three (NGC 376, K50, 
NGC 1810) are candidates to mergers (Sect.gl). NGC 346 is 
a young star cluster embedded in an HII region. NGC 416 



Cluster name 




Time 


Seeing 


CCD scale 


Date 






(s) ( 


arcsec) ( 


arcsec/pixel) 




(1) 




(2) 


(3) 


(4) 


(5) 


SMC 


NGC121 (K2, LIO) 




360 


1.6 


0.475 


1990 


NGC 176 (K 12, L 16) 




360 


1.6 


0.475 


1991 


K17 (L26) 




360 


1.2 


0.475 


1991 


NGC241-f-242 (K22, L 


29) 


60 


1.7 


0.475 


1991 


NGC 290 (L42) 




60 


1.4 


0.475 


1991 


L48 




360 


1.8 


0.237 


1991 


K34 (L53) 




240 


1.4 


0.475 


1991 


NGC 330 (K35, L54) 




100 


1.5 


0.475 


1990 


L56 




120 


1.6 


0.475 


1990 


NGC 339 (K36, L59) 




180 


1.9 


0.475 


1990 


NGC 346 (L 60) 




60 


1.8 


0.475 


1990 


IC1611 (K40, L61) 




360 


1.4 


0.475 


1991 


IC1612 (K41, L62) 




360 


1.4 


0.475 


1991 


L66 




30 


1.3 


0.475 


1991 


NGC 361 (K46, L67) 




120 


1.9 


0.475 


1991 


K47 (L70) 




120 


1.3 


0.475 


1991 


NGC 376 (K 49, L 72) 




240 


1.5 


0.237 


1991 


K 50 (L 74) 




120 


1.2 


0.475 


1991 


IC1624 (K52, L76) 




180 


1.6 


0.475 


1991 


K 54 (L 79) 




30 


1.9 


0.475 


1991 


NGC 411 (K60, L82) 




180 


2.1 


0.475 


1991 


NGC 416 (K59, L83) 




150 


1.2 


0.475 


1991 


NGC 419 (K58, L85) 




300 


1.4 


0.237 


1991 


NGC 458 (K69, L96) 




240 


1.6 


0.475 


1990 


L114 




180 


1.4 


0.475 


1990 


LMC 


NGC 1783 (SL 148) 




300 


1.8 


0.475 


1991 


NGC 1810 (SL 194) 




120 


1.2 


0.475 


1991 


NGC 1818 (SL201) 




60 


1.7 


0.237 


1991 


NGC 1831 (SL227, LW 


133) 


300 


1.6 


0.237 


1991 


NGC 1847 (SL 240) 




120 


2.2 


0.475 


1991 


NGC 1856 (SL271) 




120 


1.7 


0.475 


1991 


NGC 1866 (SL319, LW 


163) 


30 


1.8 


0.475 


1990 


NGC 1868 (SL 330, LW 


169) 


120 


1.8 


0.475 


1990 


NGC 1870 (SL317) 




120 


1.8 


0.475 


1991 


NGC 1978 (SL501) 




160 


1.5 


0.475 


1990 


NGC 2004 (SL523) 




60 


1.3 


0.475 


1991 


NGC 2011 (SL559) 




160 


1.3 


0.475 


1990 


NGC 2100 (SL662) 




20 


1.5 


0.475 


1991 


NGC 2121 (SL725, LW 


303) 


240 


1.3 


0.475 


1991 


NGC 2157 (SL794) 




120 


2.1 


0.475 


1990 


NGC 2159 (SL799) 




20 


1.3 


0.475 


1991 


NGC 2164 (SL808) 




180 


2.2 


0.475 


1991 


NGC 2210 (SL858, LW 


423) 


180 


1.4 


0.475 


1991 


NGC 2213 (SL857, LW 


419) 


120 


2.2 


0.475 


1990 


NGC 2214 (SL860, LW 


426) 


50 


1.8 


0.475 


1990 


HU (SL868, LW437) 




420 


1.3 


0.475 


1991 


HS314 




60 


1.7 


0.475 


1990 



Table Notes. Col. 1: Cluster identifications in main catalogues. 
Col. 2; CCD exposure time in seconds. Col. 3: Seeing in 
arcseconds. Col. 4: CCD scale in arcseconds per pixel. Col. 
5: Year of the observing run. 



is a populous intermediate age SMC cluster, and NGC 1856 
is a populous blue LMC cluster. 
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Fig. 1. Examples of CCD V band images of the sam- 
ple clusters. Top panels (left to right): double clusters 
NGC 241+242, IC 1612 and NGC2011. Middle panels: 
merger candidates NGC 376, K50 and NGC 1810. Bottom 
panels: the young cluster NGC 346 embedded in an HII re- 
gion, and the populous clusters NGC 416 and NGC 1856. 
East to the left and North to the top. 



2.1. Data reduction 

All frames were reduced using standard iraf routines for 
bias and dark current subtration and flat-field division. Bad 
and hot pixels (cosmic rays) were replaced by linear interpo- 
lation along lines or columns using the nearest good pixels. 
Photometric calibration was performed with a least- 
squares fit r outine th a t use s err ors as we i ghts, with stan- 
dard stars of lGrahaiiil ()1982[ ) and iLandoltJ ()1992f ). resulting 
in a mean error smaller than 0.01 mag at a 66% confidence 
level. The transformations used in the photometric calibra- 
tion were 

V = (0.998 ± 0.006)i; + (21.906 ± 0.074), 
for the first run, and 

B = (1.008 ± 0.013)5 + (22.128 ± 0.118), 

V = (0.985 ± 0.003)t; + (22.304 ± 0.034), 

for the second run, where b and v are the instrumental mag- 
nitudes. The mean errors are 0.008, 0.014, and 0.006 mag, 
respectively. 



2.1.1. Cluster center determination 

Accurate cluster centers are fundamental, because errors 
will introduce additional uncertainties in the SBPs. In Fig. 
[2] we present brightness profiles for an artificial image where 
we displaced the center of the surface photometry by 5", 
10", 15" and 20" of the correct center, successively. It is 
possible to see that apparently acceptable SBPs can be ob- 
tained, although the cluster center was not determined cor- 
rectly. However, resulting structural parameters especially 
fiQ present offsets. 



Fig. 2. Example of the effect of the centering error of an object. 
The solid line represents the brightness distribution of an image 
artificially constructed. The points represented by crosses were 
obtained for the center of the surface photometry displaced by 
5" relatively to the center of the artificial image; squares by 10"; 
triangles by 15" and circles by 20". 



The coordinates of the symmetry center for each cluster 
have been obtained, with a mean error smaller than 0.5", 
using an implementation of the mirror-autocorrelation al- 
gorithm (|Diorgovskilll988[ ). We obtained for each cluster a 
set of autocorrelation amplitudes that have been fitted with 
an elliptical paraboloid. The optimal center is the vertex of 
this paraboloid. 

For some objects we determined the center by a heuris- 
tic method because of their non-symmetrical stellar dis- 
tribution as a whole, or presence of bright stars. This was 
the case of NGC 241+242, NGC 339, K 47, K 50, NGC 1810, 
and NGC 2004. 

The derived cluster center positions in equatorial coor- 
dinates (J2000) are given in Table [51 

2.2. Surface photometry 

Surface photometry was performed with concentric annu- 
lar apertures centered on the cluster coordinates (Table [J) 
and subdivided in at least 4, and at most, 32 sectors. An ef- 
fective radius for each annulus was determined iteractively 
by following the radial distribution of brightness for each 
annulus. The counts in each anuUus were determined and 
adopted as surface-brightness, together with its standard 
deviation. The surface-brightness for each annulus is the 
mean or median of the values measured for all sectors to- 
gether with standard deviation. In col. 6 of Table [3] we give 
the adopted statistics. The approach was based on the me- 
dian. However, for convergence arguments, in some cases we 
adopted the mean. In general, the median was more suit- 
able for red clusters. A limiting radius of the photometry 
for each cluster was estimated, so that the rings did not 
exceed the physical limits of the image. 

For each profile, the points are the result of four sets of 
anulH with radial steps of 1.5", 2.0", 3.0" and 4.0". Four 
anullus sets are plotted in the same axes with the best- 
fitting EFF profile. This is particularly useful to build SBPs 
with an adequate spatial resolution in the inner regions of 
the cluster. Conversely, large steps are more suitable for 
the outer regions. We find that the simultaneous use of 
four steps yields comparable average profiles. 
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Table 2. Cluster center positions (J2000) determined in 
this study. 



Cluster 

m 



(2) 



(3) 



S 

(4) 



SMC 



(5) 



NGC 121 


00'^ 26'" 47? 89 


0?01 


-71°32'04''8 


o:'4 


NGC 176 


00'>35'"58?18 


0?03 


-73°09'57^'7 


0:'5 


K17 


00'M1™00?82 


0?02 


-72°34'20"8 


0^'3 


NGC 241 


Q0'M3™31?61 


0?03 


--73°26'26;'8 


0^'5 


NGC 290 


00''51'"14f91 


0?02 


-73°09'40''5 


0^'4 


L48 


00''53™27?60 


0?02 


-71°23'55''l 


0^'3 


K34 


00''55'"33?15 


0?01 


-72°49'57''4 


O^'l 


NGC 330 


00'^ 56"" 18? 30 


0?01 


-72°27'47"9 


0^'3 


L56 


00''57'"29?82 


0?03 


-72°15'53"1 


0% 


NGC 339 


00''57'"46?04 


0?03 


-74°28'13''2 


0^'5 


NGC 346 


00''59™05?18 


0?04 


-72°10'38''0 


0^'4 


IC1611 


00'' 59"" 48? 08 


0?02 


-72°20'03''4 


0^'4 


IC1612 


00''59"'55?31 


0?01 


-72°22'18"6 


O^'l 


L66 


0l''01"'44?44 


0?05 


-72°33'51"9 


0^'5 


NGC 361 


0l''02'"10?48 


0?03 


-71°36'23"3 


0;'5 


K47 


0l''03'"ll?34 


0?03 


-72°16'18''7 


0^'5 


NGC 376 


0l''03'"53?63 


0?01 


-72°49'32''9 


0^'2 


K50 


0l''04"'37?03 


0?03 


-72°09'39"7 


i;'5 


IC 1624 


0l''05"'20?92 


0?03 


-72°02'37"3 


0;'3 


K54 


0l''06"'47?99 


0?04 


-72°16'23"9 


O^'S 


NGC411 


0l''07"'54?34 


0?03 


-71°46'05''6 


o:'5 


NGC 416 


0l''07"'59?18 


0?02 


-72°21'19''8 


0"2 


NGC 419 


0l''08™17?39 


0?01 


-72°53'00''7 


O^'l 


NGC 458 


0l'n4"'52?29 


0?01 


-71°33'00"2 


0^'3 


L114 


0l''50"'19?63 


0?02 


-74°21'23"9 


O^'l 


LMC 


NGC 1783 


04"59"'08?78 


0?03 


-65°59'17''l 


0^'3 


NGC 1810 


05''03"'23?31 


0?03 


-66°22'57"3 


0;'5 


NGC 1818 


05'' 04"^ 13? 92 


0?01 


-66°26'03"4 


0;'2 


NGC 1831 


05''06"'16?17 


0?01 


-64° 55' 10" 1 


0!'2 


NGC 1847 


05''07"'08?16 


0?01 


-68°58'22''6 


O^'l 


NGC 1856 


05'' 09"' 30? 32 


0?01 


-69°07'44''2 


0^'2 


NGC 1866 


05''13'''38?82 


0?03 


-65°27'55!'7 


0^'2 


NGC 1868 


05''14'''36?09 


0?03 


-63°57'14;'8 


O^'l 


NGC 1870 


05'' 13"" 10? 71 


0?01 


-69°07'04^'0 


O^'l 


NGC 1978 


05'' 28"" 44? 99 


0?02 


-66° 14' 10" 5 


0^'4 


NGC 2004 


05'' 30"" 40? 34 


0?03 


-67°17'12"8 


0^'5 


NGC 2011 


05'' 32"" 19? 50 


0?01 


-67°31'19"8 


0^'2 


NGC 2100 


05'' 42™ 07? 82 


0?02 


-69°12'40"9 


0^'3 


NGC 2121 


05''48"'12?71 


0?03 


-71°28'51"7 


0('7 


NGC 2157 


05''57"'35?32 


0?01 


-69°11'47"0 


O^'l 


NGC 2159 


05'' 58"" 03? 03 


0?03 


-68°37'30"1 


0^'5 


NGC 2164 


05''58"'55?88 


0?01 


-68°30'58^'3 


0^'4 


NGC 2210 


06''11"'31?09 


0?01 


-69°07'20;'5 


0!'2 


NGC 2213 


06''10"'42?33 


0?01 


-71°31'45"7 


O^'l 


NGC 2214 


06''12"''57?24 


0?03 


-68°15'38"1 


0^'5 


Hll 


06'' 14"" 22? 72 


0?01 


-69°50'50"5 


0^'2 


HS314 


05''28""26?68 


0?04 


-68°58'56^'3 


0^'5 



Table Notes. Col. 2: Right ascension. Col. 3: Standard 
ation. Col. 4: Declination. Col. 5: Standard deviation. 



devi- 



For each cluster we tested if the mean or the median of 
the flux in the sectors provided profiles with minimal errors 
in the surface-brightness and resulting fits. In the luminos- 
ity and mass estimates this choice was also important. 



The sky level was evaluated considering four peripheral 
regions in each image that were not affected by the back- 
ground and field stars. These regions have been merged 
into a single one, of larger dimension, to compute a self- 
consistent histogram of sky counts. They were truncated 
at 3(7 of the average until the histogram did not vary any- 
more. Finally, we chose the mode of this distribution as the 
value of the brightness of the sky and subtracted it from 
the surface-brig htness of the clusters. 

Similarly to lElson. Fall fc FreemanI (|l987l ). the young 
LMC clusters dealt with in this work do not appear to be 
tidally truncated. Indeed, their profiles are well represented 
by the following model 



^i{r) = ^0 + 1-257 log ( 1 + ^ 



(1) 



where /ig is the central surface-brightness in magnitude 
scale, 7 is a dimensionless power-law and a is a parame- 
ter that is related to the core radius (vc) in arcsecs by 



lv/22/7 _ 1. 



(2) 



Fits of Eq. [T] were performed with a nonlinear least- 
squares routine that uses SBP errors as weights. For most 
of the sample this procedure converged, and the resulting fit 
parameters are given in Table [3l Exceptions are NGC 376, 
K50, K54 and NGC 1810, for which there was no conver- 
gence. 

2.2.1. Surface brightness profiles 

Surface brightness profiles in magnitude scale for the 47 
clusters in the sample are shown in Fig. [3l The maximum 
fit radius (rm) is indicated for each object and these values 
are listed in Table H The clusters NGC 376, K50, K54, 
NGC 1810, could not be fitted by Eq. [l] AU profiles were 
obtained in the V band, except NGC 2159, for which a B 
image was used. 

The variations seen in the profiles do not appear to de- 
pend on cluster bright stars, which arise in different age 
ranges, nor on bright field stars. In order to test this, we 
cleaned the images of e.g. NGC 330 and NGC 2004 of super- 
giants, and NGC 2121 of AGE stars. The original and the 
clean profiles are essentially the same providing the same 
parameters, within uncertainties. No bright field star is su- 
perimposed on the present clusters. 

In addition, since we are dealing with populous clusters, 
statistical uncertainties are small. 

2.3. Luminosity 

Integration of Eq. [1] from the center to the maximum fit 
radius r^ yields the luminosity L{rm)'- 



L{rm) 



7^:2 



1-7/2- 



1- 



' + 5 



(3) 



For Tm — > cx) and 7 > 2, we have the asymptotic cluster 
luminosity L^o'- 



J-'na — 



27rl0- 



(4) 
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Fig. 3. Surface brightness profiles for the star clusters in the sample. The solid line represents the best fitting EFF model. 
The shaded line represents the uncertainty of the fit. For each cluster the maximum fitting radius (rm) is indicated. 
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Fig. 3. continued 
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3. Results 

3.1. Structural parameters, luminosity and mass 

Table [3] presents the structural parameters obtained by fit- 
ting Eq. [Tl together with the core radius obtained from the 
a and 7 parameters in Eq. [21 

Luminosity estimates can be obtained by means of 
Eqs. [3] and IH both as a function of the fitting radius 
(rm), and asymptotic luminosity. Mass estimates have 
been calculated by multiplying the luminosity by the ap- 
propriate mass-to-light ratio. The latter values were ob- 
tained (Table [4]) from the calibration in Mackey & Gilmord 
(l2003alrb|) ■ which are based q i i evol utionary synthesis code 
of lFioc k Rocca-VolmeraM3(ll997D (PEGASE v2.0, 1999). 

The calculated values for L{rm), -^00, in the V band, 
M(rm) and Moo are listed in Table [U together with the fit 
radius r™. 



3.2. Comparison with previous studies 

Comparison of the values measur e d in th is study with HST 
results from iMackev fc Gilmorg ()2003ai rbr) are plotted in 
Fig. m Agreement is in general good. Some deviant points 
are indicated. 



3.3. Comparison of cluster properties 

We analyse in Fig. [5] statistical properties of the present 
star cluster sample. As a caveat, we note that are deal- 
ing with small fractions of the cata logued star clusters in 
both Clouds, « 4.5% in the SMC ( iBica fc Sch^jjl [l99l 
and « 0.9% in the LMC (jBica et al.l |T999). At least for the 
present sample, the LMC clusters are more massive and lu- 
minous than the SMC ones (panels a and b). In terms of 
radii, both samples present similar distributions (panels c 
and d); however, the core radius distribution is significantly 
different from that of r^ . The age distributions are compa- 
rable between the present LMC and SMC clusters (panel 
e). 
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Fig. 4. Measured values of the structural parameters, core radii, 
luminosi ty and ma ss compared with those in common with 
Mackey fc Gilmorei (2003a b). The dashed line is plotted for ref- 
erence and indicates identity. 



In Fig. [5] we investigate relations between parameters. 
The total mass correlates with th e core radius (panel a) , 
similarly to Galactic open clusters (jBonatto fc Bicall2007a[ ): 
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in the present case, the mass reaches about two orders of 
magnitude higher than in the Galactic ones, while for the 
core radius the factor is about 4. Similar results apply for 
the maximum radius r^ (panel b). Despite significant age 
differences, mass and luminosity correlate (panel c). Finally, 
the core and m aximum radii correlate similarly to Galactic 
open clusters (jBonatto &: Bical l2007c[ ) for Tc ^ Ipc and 
Tm ^ 10 pc (panel d); for larger radii, a saturation effect 
appears to occur. A possible interpretation is that the in- 
ternal evolution continues after truncation of outer regions. 

Maximum and core radii (Fig. [7| panels a and c) show a 
dependence with age, having the maximum radius also ev- 
idence of a saturation effect. Finally, mass has a significant 
correlation with age while luminosity does not (panels b 
and d). The mass-age correlation is probably related to dy- 
namical cluster survival. Low mass clus ters disperse into the 
field long before reaching an old age ([Goodwin fc Bastianl 
[200^ . 

As compared to iMackev fc Gilmorg (|2003bt) similar be- 
haviours occur in the relations in common, especially mass 
vs. age and core radius vs. age. 

The binary clusters in Fig. [6] and Fig. [7] tend to be 
among the less massive and with smaller radii clusters in 
the sample. Note that we measured the main component 
(Fig.©. 



6 

5 

m" 4 
O 

^3 
z 
2 

1 



- (a) 


1 


' (b) 


1 






- PI - - 


- - -|-p| - 



5 10 15 20 2 3 4 5 6 

R. (pc) log(M,„,) (MJ 



-5r4 
o 

C/3 o 



(d) 



I 



M 



12 3 4 5 6 7 

Roore (pc) 



4.5 5 5.5 6 
log(Li„,) (Lo) 



7 









6 


- (e) 




- 


^5 






- 


O 4 
CO ^ 

z3 


_ 


1 








- 


2 














- 












1 


















1 



2 3 

log(Age) (Myr) 



Fig. 5. Comparison among LMC (shaded histograms) and 
SMC (empty) star clusters. 
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Fig. 6. Relations among cluster parameters. Open circles 
are SMC and filled circles are LMC clusters. Binary clusters 
are encircled. 



4. Atypical Magellanic clusters 

4.1. Extended profile in ttie very young cluster NGC346 

The giant SMC HII region cluster NGC 346 (Fig. [J) has a 
systematic den sity excess for r>10" (Fig [HI), hkewise R136 
in 30 Doradus (jMackev fc Gilmorel[2003al) . This may be at- 
tributed to star formation in a dynamically infant cluster. 
The excess in NGC 346 is not a contaminat ion by the neigh- 
bouri ng intermediate ag e cluster BS90 (JBica fc SchmittI 
119951: iRochau et al.l[2007f) . 

4.2. Binary clusters and merger candidates 

We show in Fig. [5] isophotal maps for the binary clusters 
and merger candidates in the present sample. We applied 
Gaussian filters to smooth the images using the gauss rou- 
tine of the iraf/images package. 

As it became clear in the analysis of Fig. [3l seven 
clusters could not be satisfactorily fitted with EFF pro- 
files due to the presence of large-scale structures along 
the SBPs. NGC 241+242 and IC1612 + H86-186 are bi- 
nary clusters in the SMC ()de Oliveira et all 1200031 ). while 
NG C 2011 -KBRHTMb is a binary clu s ter in the LMC 
(B hatiaet al.l Il99ll: iDieball et all l2002t iGouliermis et al.l 
120061 ). The double bump representing the cluster mem- 
bers can be seen in the profiles (Fig. [3]). Isophotal maps 
of NGC 241+242, IC 1612 and NGC 2011 support this in 
Fig.[Hl 
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Fig. 7. Relations of radii, luminosity and mass with cluster 
age. Symbols as in Fig. [6l 



A double peak is also observed in the SBPs of NGC 376, 
K 50 and K 54, but these clusters do not have a detected 
companion, together with NGC 1810 which has an unusual 
profile (Fig. [3]) . EFF profiles do not describe them. Their 
isophotal maps are complex. NGC 376, and especially K50 
and K 54, present apparently triangular outer isophotes, 
while NGC 376, K50 and NGC 1810 have isophotal gaps 
that extend towards the cluster central parts (Fig. [T] and 
Fi g. [3l). In the numerical simul a tions o f cluster encounters 
by Ide Oliveira. Bica fc Dottoril (|20001j ). similar structures 
can be seen. We conclude that unusual cluster profiles and 
isophotal distributions may be related to star cluster merg- 










Fig. 8. Intensity isophotal maps of (a) NGC 241+242, 
(b) IC1612 components are marked, (c) NGC 2011, (d) 
NGC 376, (e) K50, (f) K54 and (g) NGC 1810. 



ers. 



4.3. Extended profiles 

The SMC clusters NGC 176, NGC 290, L 66, K 47, IC 1624, 
and the LMC clusters NGC 1870, NGC 2159 and HS 314, in 
particular, have extensions beyond the EFF fitted profiles 
(Fig. [3]). We are deahng with Blue M agellanic Clusters, with 
ages a s a rule younger than 500 Mvr. lElson. Fall fc Freeman! 
()1987f ) found similar extensions for comparable ages. Such 
clusters do not seem to be tidally truncated. Expansion due 
to mass loss or violent relaxation in the early cluster may 
contribute. The present work (Sect.S^l) suggests that clus- 
ter interactions and eventual mergers may also contribute 
for clusters to spill over the Roche limit. 

Table [5] summarizes the main conclusions about struc- 
tures observed in the profiles of the star clusters of this 



stud y, including finer details. No te that objects in common 
with iMackev fc Gilmord ()2003ai rbr) have similar fine struc- 
tures in the profile (e.g. NGC 176, Fig. [3]). It is interesting 
that 35 of the clusters appear to have at least one signifi- 
cant fine structure (~ 2 pc of typical size) in the observed 
light profiles. The seeing (Sect. [2]) imphes a resolution bet- 
ter than 0.5 pc. We call attention that the fine structure 
occurs in a smaller spatial scale as compared to the larger 
variations (~ 5 pc) observed in the profile of the four clus- 
ters with evidence of mergers (Sect. l4?2l) . 
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Table 5. Structures in the profiles. 



Cluster 


Inner profile External profile 


Diagnostic 


(1) 


(2) 


(3) 


(4) 


SMC 


NGC 121 


NP 


- 


- 


NGC 176 


RD+ 


EE 


- 


K17 


RD 


EE 


- 


NGC 241+242 


- 


- 


binary 


NGC 290 


RD+ 


EE 


- 


L48 


RD 


EE 


- 


K34 


NP 


EE 


- 


NGC 330 


RD 


- 


- 


L56 


RD 


EE 


- 


NGC 339 


RD 


- 


- 


NGC 346 


RD 


EE 


- 


IC1611 


RD 


- 


- 


IC1612 


- 


- 


binary 


L66 


RD 


EE 


- 


NGC 361 


RD 


- 


- 


K47 


NP 


EE 


- 


NGC 376 


RD++ 


EE (flattening) 


merger 


K50 


RD++ 


EE (flattening) 


merger 


IC 1624 


RD 


EE 


- 


K54 


RD++ 


- 


merger 


NGC 411 


NP 


- 


- 


NGC 416 


NP 


- 


- 


NGC 419 


PD 


- 


- 


NGC 458 


RD+ 


- 


- 


L114 


RD+ 


- 


- 


LMC 


NGC 1783 


RD 


- 


- 


NGC 1810 


RD++ 


EE (flattening) 


merger 


NGC 1818 


RD 


- 


- 


NGC 1831 


NP 


- 


- 


NGC 1847 


NP 


EE 


- 


NGC 1856 


NP 


- 


- 


NGC 1866 


RD 


- 


- 


NGC 1868 


NP 


- 


- 


NGC 1870 


NP 


EE 


- 


NGC 1978 


RD 


- 


- 


NGC 2004 


RD 


- 


- 


NGC 2011 


RD+ 


EE 


binary 


NGC 2100 


RD 


- 


- 


NGC 2121 


NP 


- 


- 


NGC 2157 


RD 


EE 


- 


NGC 2159 


RD+ 


- 


- 


NGC 2164 


RD 


- 


- 


NGC 2210 


PD 


- 


- 


NGC 2213 


RD 


- 


- 


NGC 2214 


RD 


- 


- 


Hll 


NP 


- 


- 


HS314 


RD+ 


EE 


- 



Table Notes. Col. 2; Caracterization of inner profile. Col. 3: 
Caracterization of external profile. Col. 4: Final diagnostic. 
NP: normal profile RD: radially disturbed EE: external 
excess PD: profile deviation. Plus sign suggests intensity. 



5. Concluding remarks 

Surface brightness profiles in the V band were derived for 
25 SMC and 22 LMC star clusters, including blue and red 
ones. 

Cluster ce nters were determ ined using the mirror au- 
tocorrelation (jDiorgovskil |1988[) method with mean error 
smaller than 0.5". 

The observed profiles were fitted with the EFF model. 
The structural parameters obtained from the fits were 



used to determine luminosities and masses of the star 
clusters. For those in common with the HST study of 
Mackcv fc Gilmora |2P03a.b) the agreement is good. For 
23 objects the analysis is carried out for the first time. 

It is important to characterize single clusters, binary 
and candidates to mergers in the Clouds, clusters which 
are ideal laboratories for dynamical studies. 

In some cases, the profiles present important deviations 
from EFF profiles. We also use isophotal maps to con- 
strain candidates to cluster interactions. The binary clus- 
ters NGC 241-^242, IC 1612, and NGC 2011 have a double 
profile. The clusters NGC 376, K 50, K 54 and NGC 1810 do 
not have detected companions and present as well signifi- 
cant deviations from EFF profiles with bumps and dips in 
a ~ 5 pc scale. 

We conclude that important deviations from the body 
of EFF profiles might be used as a tool to detect cluster 
mergers. 
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Table 3. Structural parameters for the cluster sample derived from the best fitting EFF profiles and core radii. 



15 



Cluster 


Mo,v 


7 


a 


Tc 






(mag/arcsec^ ) 




(arcsec) 


(pc) 


Adopted statistics 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


SMC 


NGC121 


18.26 ± 0.04 


3.20 ± 0.08 


13.38 ± 0.50 


2.39 ± 0.01 


median 


NGC 176 


20.30 ± 0.06 


6.09 ± 1.78 


20.60 ± 4.44 


2.20 ± 0.11 


mean 


K17 


19.16 ± 0.08 


2.87 ± 0.12 


7.78 ± 0.54 


1.49 ± 0.01 


mean 


NGC 241+242 


17.90 ± 0.17 


5.90 ± 3.11 


4.76 ± 1.96 


0.60 ± 0.07 


mean 


NGC 290 


17.75 ± 0.09 


3.09 ± 0.39 


6.07 ± 0.97 


1.11 ± 0.03 


mean 


L48 


18.86 ± 0.10 


4.27 ± 0.32 


8.77 ± 0.90 


1.32 ± 0.02 


mean 


K34 


19.23 ± 0.06 


2.48 ± 0.15 


9.66 ± 0.82 


2.39 ± 0.04 


median 


NGC 330 


16.49 ± 0.16 


2.34 ± 0.08 


6.77 ± 0.74 


1.48 ± 0.03 


mean 


L56 


16.32 ± 0.35 


2.16 ± 0.08 


2.20 ± 0.45 


0.51 ± 0.01 


median 


NGC 339 


21.09 ± 0.04 


2.77 ± 0.31 


31.41 ± 3.54 


7.23 ± 0.71 


mean 


NGC 346 


17.90 ± 0.11 


2.53 ± 0.22 


9.68 ± 0.86 


2.01 ± 0.03 


median 


IC1611 


18.98 ± 0.10 


2.06 ± 0.19 


6.24 ± 1.01 


1.49 ± 0.06 


median 


IC1612 


18.22 ± 0.19 


2.13 ± 0.11 


2.12 ± 0.32 


0.49 ± 0.01 


mean 


L66 


17.41 ± 0.13 


2.76 ± 0.12 


3.79 ± 0.37 


0.74 ± 0.01 


mean 


NGC 361 


20.32 ± 0.04 


2.10 ± 0.08 


15.72 ± 0.95 


4.34 ± 0.07 


median 


K47 


19.02 ± 0.05 


10.77 ± 3.37 


19.35 ± 4.03 


1.74 ± 0.15 


mean 


IC 1624 


19.64 ± 0.06 


2.72 ± 0.16 


9.94 ± 0.84 


1.97 ± 0.03 


median 


NGC 411 


19.75 ± 0.05 


3.26 ± 0.14 


17.64 ± 1.05 


3.12 ± 0.04 


median 


NGC 416 


18.43 ± 0.02 


3.11 ± 0.09 


12.63 ± 0.46 


2.30 ± 0.01 


median 


NGC 419 


18.25 ± 0.02 


2.70 ± 0.06 


14.74 ± 0.47 


2.93 ± 0.01 


median 


NGC 458 


18.94 ± 0.06 


3.43 ± 0.10 


14.46 ± 0.73 


2.48 ± 0.02 


mean 


L114 


18.99 ± 0.29 


2.06 ± 0.11 


3.36 ± 0.53 


0.80 ± 0.02 


mean 


LMC 


NGC 1783 


18.68 ± 0.03 


2.72 ± 0.10 


21.06 ± 1.00 


4.90 ± 0.06 


median 


NGC 1818 


17.16 ± 0.04 


3.03 ± 0.15 


10.16 ± 0.63 


1.88 ± 0.01 


median 


NGC 1831 


18.88 ± 0.02 


3.42 ± 0.16 


22.07 ± 0.77 


3.79 ± 0.02 


median 


NGC 1847 


17.30 ± 0.05 


2.09 ± 0.12 


4.56 ± 0.49 


1.07 ± 0.01 


mean 


NGC 1856 


16.95 ± 0.03 


2.42 ± 0.04 


9.57 ± 0.27 


2.04 ± 0.00 


median 


NGC 1866 


17.27 ± 0.03 


2.84 ± 0.06 


16.03 ± 0.59 


3.09 ± 0.01 


mean 


NGC 1868 


17.69 ± 0.05 


2.85 ± 0.03 


7.47 ± 0.24 


1.44 ± 0.00 


mean 


NGC 1870 


16.38 ± 0.06 


3.15 ± 0.07 


4.18 ± 0.19 


0.76 ± 0.00 


median 


NGC 1978 


18.35 ± 0.03 


2.82 ± 0.08 


19.67 ± 0.73 


3.81 ± 0.02 


mean 


NGC 2004 


15.45 ± 0.20 


2.46 ± 0.16 


3.82 ± 0.61 


0.81 ± 0.02 


mean 


NGC 2011 


16.64 ± 0.22 


2.29 ± 0.09 


2.98 ± 0.43 


0.66 ± 0.01 


mean 


NGC 2100 


16.77 ± 0.07 


2.46 ± 0.10 


6.80 ± 0.49 


1.44 ± 0.01 


mean 


NGC 2121 


20.59 ± 0.02 


3.66 ± 0.36 


47.21 ± 3.85 


7.78 ± 0.44 


median 


NGC 2157 


16.89 ± 0.08 


3.65 ± 0.12 


11.92 ± 0.69 


1.97 ± 0.01 


mean 


NGC 2159* 


19.08 ± 0.08 


2.42 ± 0.26 


12.66 ± 1.83 


2.70 ± 0.16 


median 


NGC 2164 


16.71 ± 0.08 


3.29 ± 0.06 


9.09 ± 0.40 


1.60 ± 0.01 


mean 


NGC 2210 


16.98 ± 0.03 


3.06 ± 0.05 


7.65 ± 0.25 


1.41 ± 0.00 


mean 


NGC 2213 


18.74 ± 0.10 


2.22 ± 0.06 


6.02 ± 0.48 


1.36 ± 0.01 


mean 


NGC 2214 


17.74 ± 0.07 


2.10 ± 0.04 


6.49 ± 0.36 


1.52 ± 0.01 


mean 


Hll 


19.83 ± 0.03 


3.42 ± 0.12 


22.37 ± 0.97 


3.84 ± 0.03 


median 


HS314 


16.26 ± 0.25 


2.25 ± 0.12 


2.22 ± 0.41 


0.50 ± 0.01 


mean 



Table Notes. Col. 2: Central surface brightness. 
Statistical adopted for the surface brightness. 



Col. 3: Gamma parameter. Col. 
* For NGC 2159 we used Afo.s. 



4: a parameter. Col. 5: Core radius. Col. 6: 
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Table 4. Luminosity in the V band and mass estimate calculated using structural parameters. 



Cluster 



(1) 



Age 
(Gyr) 

(2) 



Ref. 



(3) 



(pc) 
(4) 



(5) 



log Lm 

(L0.v) 
(6) 



log Loo 

(L0.v) 
(7) 



log Mm 

(Mo) 
(8) 



log Moo 

(Mo) 
(9) 



SMC 



NGC 121 

NGC 176 

K17 

NGC 241+242 

NGC 290 

L48 

K34 

NGC 330 

L56 

NGC 339 

NGC 346 

IC1611 

IC1612 

L66 

NGC 361 

K47 

IC 1624 

NGC 411 

NGC 416 

NGC 419 

NGC 458 

L114 



11.90 ± 1.30 
0.46 ± 0.01 
0.30 ± 0.10 
0.07 ± 0.04 
0.03 ± 0.01 
0.15 ± 0.04 
0.24 ± 0.12 
0.03 ± 0.01 
0.006 ± 0.01 
6.30 ± 1.30 

~ 0.003 
0.11 ± 0.05 

~ 0.10 
0.15 ± 0.10 
8.10 ± 1.20 

~ 0.007 
0.06 ± 0.03 
0.20 ± 0.10 
6.90 ± 1.10 

~ 0.40 
0.05 ± 0.01 
5.60 ± 0.50 



2 
3 
9 
10 
14 
3 
10 
1 

14 
2 

17 
10 
16 
11 
2 
16 
10 
3 
2 
16 
3 
14 



12.88 

7.29 

6.80 

1.46 

4.86 

9.48 

11.42 

17.01 

12.15 

19.98 

2.92 

9.23 

3.89 

6.32 

19.13 

4.86 

9.72 

15.91 

14.58 

15.18 

17.01 

14.58 



2.74 
0.23 
0.28 
0.17 
0.10 
0.20 
0.22 
0.09 
0.14 
1.66 
0.02 
0.16 
0.14 
0.08 
2.03 
0.10 
0.12 
0.63 
1.79 
0.40 
0.25 
0.20 



5.00 ± 0.05 
4.17 ± 0.34 
4.23 ± 0.10 

3.75 ± 0.56 
4.52 ± 0.24 
4.19 ± 0.11 
4.60 ± 0.19 
5.50 ± 0.17 
4.77 ± 0.35 
4.67 ± 0.26 
4.65 ± 0.27 
4.46 ± 1.95 
3.84 ± 0.53 
4.42 ± 0.12 
4.70 ± 0.49 
4.23 ± 0.28 
4.31 ± 0.14 
4.63 ± 0.08 
4.93 ± 0.06 
5.22 ± 0.06 

4.76 ± 0.06 
4.10 ± 1.12 



5.09 ± 0.05 

4.43 ± 0.27 

4.40 ± 0.09 
3.83 ± 0.50 
4.65 ± 0.21 
4.21 ± 0.12 
4.90 ± 0.16 
5.76 ± 0.15 
5.17 ± 0.31 
4.97 ± 0.20 
5.31 ± 0.20 

5.44 ± 1.38 
4.47 ± 0.40 
4.53 ± 0.12 
5.57 ± 0.35 
4.24 ± 0.25 
4.50 ± 0.12 
4.71 ± 0.07 
5.01 ± 0.05 

5.41 ± 0.05 
4.81 ± 0.06 
4.90 ± 0.82 



5.44 ± 0.14 



3.53 
4.81 
2.98 
3.52 
3.50 
3.94 
4.45 
3.92 
4.89 
2.95 
3.66 
2.98 
3.32 
5.01 
3.23 
3.39 
4.43 
5.18 
4.82 
4.16 
3.40 



0.08 
0.38 
0.09 
0.02 
0.02 
0.04 
0.02 
0.05 
0.43 
0.01 
0.31 
0.07 
0.01 
1.00 
0.03 
0.02 
0.05 
0.10 
0.02 
0.02 
0.22 



5.53 ± 0.13 
3.80 ± 0.06 
4.98 ± 0.35 
3.06 ± 0.09 
3.65 ± 0.02 
3.51 ± 0.02 
4.24 ± 0.03 



4.71 
4.32 
5.19 
3.61 
4.65 
3.62 
3.44 



0.01 
0.04 
0.33 
0.00 
0.22 
0.06 
0.01 



± 

± 

± 

± 

± 

± 

± 

5.87 ± 0.71 
3.24 ± 0.02 
3.58 ± 0.01 
4.51 ± 0.05 
5.26 ± 0.09 
5.02 ± 0.02 
4.21 ± 0.01 
4.20 ± 0.16 



LMC 



NGC 1783 
NGC 1818 
NGC 1831 
NGC 1847 
NGC 1856 
NGC 1866 
NGC 1868 
NGC 1870 
NGC 1978 
NGC 2004 
NGC 2011 
NGC 2100 
NGC 2121 
NGC 2157 
NGC 2159* 
NGC 2164 
NGC 2210 
NGC 2213 
NGC 2214 
Hll 
HS314 



1.30 
0.02 
0.32 
0.02 
0.12 
0.09 
0.33 
0.72 
2.50 
0.03 



0.40 
0.01 
0.12 
0.01 
0.04 
0.01 
0.03 
0.30 
0.50 
0.01 



< 0.01 
0.032 ± 0.019 

0.70 ± 0.20 
0.03 ± 0.02 
0.06 ± 0.03 
0.05 ± 0.03 
15.85 ± 1.26 
1.30 ± 0.50 
0.04 ± 0.01 
15.00 ± 3.00 

< 0.01 



4 
3 
4 
3 
4 
7 
3 
19 
18 
4 
6 
4 
3 
3 
3 
3 
13 
5 
3 
8 
15 



20.41 

9.72 
17.25 

4.86 
18.10 
17.01 
15.79 

5.83 
16.52 

5.83 
12.88 
11.66 
18.10 
14.58 

9.72 
17.98 
17.01 
15.55 
17.01 
17.74 

9.72 



0.63 
0.08 
0.32 
0.09 
0.18 
0.18 
0.40 
0.16 
2.10 
0.08 
0.05 
0.07 
1.33 
0.11 

0.13 
3.37 
0.87 
0.11 
3.25 
0.03 



5.39 ± 0.09 
5.24 ± 0.10 

5.12 ± 0.07 
4.77 ± 0.82 

5.54 ± 0.06 
5.65 ± 0.05 
4.89 ± 0.04 
4.79 ± 0.06 
5.37 ± 0.07 

5.30 ± 0.24 
4.81 ± 0.22 
5.29 ± 0.14 
4.92 ± 0.17 
5.37 ± 0.07 

5.31 ± 0.05 

5.13 ± 0.04 

4.55 ± 0.18 
5.08 ± 0.25 
4.75 ± 0.06 
4.72 ± 0.32 



5.62 ± 0.07 
5.36 ± 0.08 
5.21 ± 0.06 
5.67 ± 0.59 
5.78 ± 0.05 
5.80 ± 0.05 
4.96 ± 0.04 
4.85 ± 0.05 
5.56 ± 0.05 
5.54 ± 0.22 
5.05 ± 0.20 
5.52 ± 0.12 
5.11 ± 0.12 
5.40 ± 0.07 

5.34 ± 0.05 
5.17 ± 0.04 
4.94 ± 0.14 
5.75 ± 0.18 
4.84 ± 0.05 
5.01 ± 0.28 



4.74 
4.15 
4.63 
3.72 
4.80 
4.91 
4.49 
3.99 
5.69 
4.20 
3.50 
4.14 
5.05 
4.41 



0.02 
0.01 
0.02 
0.07 
0.01 
0.01 
0.02 
0.01 
0.14 
0.02 
0.01 
0.01 
0.23 
0.01 



4.43 ± 0.01 
5.66 ± 0.14 
4.49 ± 0.15 
4.12 ± 0.03 
5.27 ± 0.20 
3.20 ± 0.01 



4.96 ± 0.02 
4.26 ± 0.01 
4.71 ± 0.02 
4.62 ± 0.05 
5.04 ± 0.01 
5.06 ± 0.01 
4.57 ± 0.02 
4.06 ± 0.01 
5.88 ± 0.11 

4.45 ± 0.02 
3.75 ± 0.01 
4.36 ± 0.01 
5.24 ± 0.16 
4.44 ± 0.01 

4.46 ± 0.01 
5.70 ± 0.12 
4.88 ± 0.12 
4.79 ± 0.02 
5.35 ± 0.18 
3.49 ± 0.01 



Table Notes. (1) |D a Costa fc Hatzidirnitriou' ('1998'); (2) 'Mighcll et al.' (1998^ ; (31 iHod gc ('1983'): (4) 'Santos fc Piatti' ("20041^: 
f5) iDa Costa e t al. (1985); (6) Goulicrmis ct al. (2006); (7) Becker fc Mathews! (1983); (8) Mighcll et al. (1996); (9) 
IHodg c fc F~cr (1987); (10) Elson & Fall (1985); (11) Piatti ct al. (2005); (12) Piatti ct al. (2005); (13) Gcislcr ct al. (199% 
(•14) JAhumada ct al.; (15) Bica et al. (1996); (16) Chiosi ct al. (2006 ); (17) Sabbi fc Sirianni (2007 ); (18) Sagar fc PandevI 
l|1989l ); (19) lAlcaino fc Lillerl ^IQ&t Y* A B image was used. 
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